Background: Diabetes mellitus has long been associated with cardiovascular events. Nevertheless, the higher burden of traditional cardiovascular risk factors reported in high-income countries is offset by a more widespread use of preventive measures and revascularization or other invasive procedures. The aim of this investigation is to describe trends in number of cases and outcomes, in-hospital mortality (IHM) and length of hospital stay (LHS), of hospital admissions for major cardiovascular events between type 2 diabetes (T2DM) and matched non-diabetes patients.
Background
Diabetes mellitus is a prevalent chronic condition [1] and has long been associated with cardiovascular events. Nevertheless, the higher burden of traditional cardiovascular risk factors reported in high-income countries is offset by a more widespread use of preventive measures and revascularization or other invasive procedures [2, 3] . This may underlie the fact that in the United States the adjusted incidence rates of hospital admissions for acute myocardial infarction or fatal coronary artery disease have decreased in recent years [4] . We have previously reported increasing incidence rates overtime of acute myocardial infarction [5] , ischemic stroke [6] and admissions for abdominal aortic aneurysm [7] , but declining rates of major lower extremity amputations due to peripheral artery disease for the overall population [8] . Moreover, incidence rates of major cardiovascular events are higher in people with type 2 diabetes mellitus (T2DM) than among people without diabetes in our Mediterranean population. However, our previous research is based on administrative data used to compare outcomes and procedures between people with or without T2DM who were not matched for baseline characteristics; therefore, some degree of residual confounding cannot be ruled out.
Here we aim to describe trends in number of cases and outcomes, namely in-hospital mortality (IHM) and length of hospital stay (LHS), of hospital admissions for major cardiovascular events (acute myocardial infarction, ischemic and hemorrhagic stroke, aortic aneurysm and dissection and acute lower limb ischemia), analyzed in prespecified moments in time (years 2002, 2006, 2010, 2014) , in people with or without T2DM matched for International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes (up to the fourth digit), sex, age, province of residence and year, using national discharge hospital data.
Methods
We performed a retrospective, observational study using the Spanish National Hospital Discharge Database (SNHDD), which is managed by the Spanish Ministry of Health, Social Services and Equality (MHSSE). The SNHDD includes patient variables (sex and date of birth), admission and discharge dates, up to 14 diagnoses at discharge and up to 20 procedures performed during the hospital stay. The ICD-9-CM is used for coding in the SNHDD.
This study was conducted using the nationwide SNHDD that compiles all public and private hospital data, which covers more than 98% of hospital admissions [9] . The study populations were created as follows. any of these four cardiovascular conditions. Therefore we created a total of 20 different study populations of T2DM patients that is, five populations for each year (2002, 2006, 2010 and 2014) . (3) Once we had these 20 populations of T2DM patients we matched each T2DM patient with a non-diabetic control using as matching variables ICD-9-CM codes for the four cardiovascular events studied (up to the fourth digit), sex, age, province of residence and year; if more than one control was available for a case, the selection was conducted randomly. The databases used to find the controls were those that included non T2DM patients for years 2002 Clinical characteristics included data on overall comorbidities at the time of diagnosis, which were assessed by calculating the Charlson comorbidity index (CCI) [10] .
We retrieved data about specific comorbidities, risk factors and therapeutic and diagnostic procedures during the admissions for myocardial infarction, ischemic or hemorrhagic stroke, aortic aneurysm and dissection and acute lower limb ischemia. The conditions and procedures studied and the codes used to identify them according to the ICD-9-CM are shown in Table 1 .
Hospital outcome variables included LHS and IHM, which was defined as the proportion of patients who died during the admission.
Statistical analysis
A descriptive statistical analysis was performed. Variables were expressed as proportions and means with standard deviations. We constructed bivariate conditional logistic regression models to compare study variables between T2DM patients and controls for each cardiovascular event and for all cardiovascular events combined in the 4 years analyzed.
The changes from year 2002 to 2014 in the means and proportions of study variables were analyzed using ANOVA or Kruskal-Wallis tests for means and logistic regression or a Chi square test for proportions.
To assess the effect of diabetes on the IHM we performed five conditional logistic regression analyses, one for each cardiovascular event and one for "all cardiovascular events combined". To do so we used diabetes "yes/ no" as the dependent variable, and as the independent variables those with significant results in the bivariate analysis and those considered relevant in other studies.
Estimates for variables were expressed as the odds ratios (ORs) with their 95% confidence intervals (CIs).
Cases were matched with controls and all statistical analyses were performed using Stata version 10.1 (Stata, College Station, Texas, USA). Statistical significance was set at p < 0.05 (2-tailed).
Ethical aspects
Data confidentiality was maintained at all times in accordance with Spanish legislation. Given the anonymous and mandatory nature of the dataset, it was 
Results

Myocardial infarction admissions
The total number of hospitalizations with a primary diagnosis of myocardial infarction analyzed was 100,854. The distribution according to study variables for those with and without T2DM is shown in For all the years analyzed, the mean CCI was higher for T2DM patients when compared with non-diabetic patients.
People with T2DM had higher prevalence of obesity, hypertension and lipid metabolism disorders than nondiabetic people in the 4 years studied, whereas smoking was more frequent among people without diabetes. Overtime the prevalence of these four cardiovascular risk factors increased significantly in both groups.
The proportion of diabetic patients hospitalized with a myocardial infarction who suffered concomitant renal disease or congestive heart failure was higher than for non-diabetic patients.
Regarding the use of therapeutic procedures, among T2DM patients percutaneous coronary intervention (PCI) was recorded in 16.68% in year 2002 and in 53.32% in year 2014 (p < 0.05). However, the use of PCI was lower among diabetic than among matched non-diabetic controls in all the years analyzed. The proportion of patients undergoing coronary artery by-pass grafting (CABG) was similar in both groups and remained stable overtime.
The LHS was longer among T2DM patients than among non-diabetic patients, and decreased significantly from 2002 to 2014.
The IHM for the diabetic sample was 13.67% in 2002 and 7.95% in 2014 (p < 0.05). Equivalent figures for nondiabetic patients were significantly lower, 11.61 and 7.22% respectively. Table 3 shows the characteristics, risk factors, and diagnostic and therapeutic procedures for stroke admissions in T2DM versus non-diabetic patients, according to the year of study (2002, 2006, 2010, and 2014) . The number of T2DM patients and matched controls rose from 10,794 in 2002 to 17,559 in 2014.
Stroke admissions
Men represented around 52-54% of the study sample and the mean age increased from 73.17 years in 2002 to 75.35 years in 2014.
As can be seen in Table 3 the differences in the prevalences between those with and without diabetes, and in the time trends observed for cardiovascular risk factors and concomitant chronic conditions were very similar to those found for myocardial infarction (Table 2) .
T2DM patients less frequently received mechanical ventilation and fibrinolysis than matched controls, yet the use of these therapeutic procedures increased overtime.
The LHS and the IHM did not differ significantly between both groups of patients in any year analyzed. However the LHS decreased significantly from around 12 to 10 days from 2002 to 2014. The reduction in the IHM was from 14.97% in year 2002 to 14.27% in year 2014 among T2DM patients (p < 0.05).
Aortic aneurysm and dissection admissions
As can be seen in Table 4 the number of T2DM patients hospitalized with aortic aneurysm and dissection increased from 390 in 2002 to 841 in 2014. Most of these patients were male (> 93%) and with a mean age ranging from 69 to 72 years.
The prevalence of obesity, hypertension and lipid metabolism disorders were higher among T2DM patients in the 4 years analyzed and increased significantly overtime in both groups.
No differences were found in the use of open or endovascular procedures to treat thoracic or abdominal aortic aneurysms between T2DM and non-diabetic patients. However a relevant and significant increment was observed for the use of endovascular procedures, especially for abdominal aneurysm, which increased from 4.87 to 37.1% over the study period among T2DM patients.
LHS and IHM were similar in both groups. The LHS decreased significantly from around 16-13 days from 2002 to 2014 in the T2DM group, but it increased slightly yet significantly in the non-T2DM group. Overtime IHM decreased significantly only in the T2DM group (14.36% in 2002 vs. 8.09% in 2014).
Acute lower limb ischemia admissions
The number of T2DM patients hospitalized with an acute lower limb ischemia increased from 3854 in 2002 to 4548 in 2014, as can been seen in Table 5 . Males represented around 73% and the mean age was close to 74 years.
When we compared the mean CCI between those with and without T2DM we found higher values among T2DM patients for all the years analyzed.
The prevalence of risk factors such as obesity, hypertension and lipid metabolism disorders were higher among diabetic patients in the 4 years analyzed and increased significantly overtime in both groups. Furthermore, the proportion of T2DM patients hospitalized with an acute lower limb ischemia who suffered concomitant renal disease was higher than for non-diabetic patients Regarding the use of therapeutic procedures no differences were found in the rate of major amputations between T2DM and non-diabetic patients. However a relevant and significant increment was observed in the rate of minor amputation in the T2DM group.
As can been seen in Table 5 , major amputations and the use of lower extremity revascularization procedures decreased significantly over time in both groups. We found an increased rate of lower extremity angioplasty over the study period in both groups.
LHS was longer among T2DM than among non-diabetic patients, except in 2014, and decreased significantly from 2002 to 2014 in both groups.
The IHM was significantly lower in T2DM patients than in those without diabetes. In people with T2DM IHM did not change significantly over time, with figures around 5-6%. Table 6 shows the characteristics, risk factors, and diagnostic and therapeutic procedures for "all cardiovascular events combined" admissions in T2DM versus non-diabetic patients, according to the year of study. The number of T2DM patients and matched controls rose from 27 For all the years analyzed, higher values of hemodyalisis and peritoneal dialysis were found in T2DM patients for "all cardiovascular events combined" admission and increased significantly in both group overtime.
All cardiovascular events combined admissions
LHS decreased significantly over time both for T2DM and non-diabetic people. The IHM for the T2DM population was 13.04% in 2002 and 10.77% in 2014 (p < 0.05). Equivalent figures for the non-diabetic population were significantly lower, 12.71 and 10.53% respectively. Figure 1 shows the results of the conditional logistic regression analysis to assess the effect of T2DM on the IHM in patients with acute cardiovascular events admissions. After adjusting for possible confounders T2DM patients had significantly higher mortality rates during admission for myocardial infarction (OR 1.15; 95% CI 1.09-1.21) and stroke (OR 1.06; 95% CI 1.03-1.10). However these patients had a significantly lower mortality when admitted for acute lower limb ischemia (OR 0.82; 95% CI 0.74-0.90).
Finally, we found that T2DM patients had a 6% higher probability (OR 1.06; 95% CI 1.04-1.09) of dying during the hospitalization for "all cardiovascular events combined" than non-diabetic matched controls.
Discussion
In the Spanish population, we found increasing numbers of admissions overtime for stroke, aortic aneurysm and dissection and acute lower limb ischemia, but not for myocardial infarction, which remained stable. Previous reports had highlighted declining incidence rates for myocardial infarction in western societies, perhaps as a consequence of the preventive measures implemented to lower cardiovascular risk [4] . Notwithstanding the previous statement, people admitted to hospitals in our country for major cardiovascular events were progressively older (except for myocardial infarction), had more comorbidities (especially people with T2DM), and were more frequently coded overtime for classical cardiovascular risk factors (smoking, obesity, hypertension, lipid disorders) and renal diseases. This particularity was seen in people both with and without T2DM, albeit these factors were more prevalent in the T2DM population, except for smoking. However, a better quality coding in recent years could not be ruled out as a potential confounder [11] . Also, despite the lowering incidence rates of stroke previously reported by others [12] , more recent research [13] , including our own previous reports [6] support increasing numbers of admissions for this condition.
Atrial fibrillation was more often coded in the nondiabetic population and was increasingly coded overtime in people with and without T2DM. Contrarily, congestive heart failure was more often coded in people with T2DM, and remained stable overtime in both populations. This stability had been underscored in recent research [14] , and some authors claim that new drugs with coursemodifying properties may be playing a role to avoid readmissions [15] . In follow up studies it has been found, that among patients with heart failure both all-cause and cardiovascular mortality were higher in diabetic patients [16] . However, in Spain a study showed that in hospital mortality in patients admitted because of acute heart failure did not differ between those with and without type 2 diabetes [17] .
PCI increased overtime and was more frequently done in people without diabetes, at the expense of lowering rates of fibrinolysis during admission for myocardial infarction. Updated guidelines support prompt PCI where available, with a performance goal of ≤ 90 min from the first medical contact for ST elevation myocardial infarction within the previous 12 h [18] .
The use of Coronary Artery Bypass Graft among diabetic patients remained stable overtime in our investigation. A recent meta-analysis concluded that CABG was associated with a significantly lower overall mortality rate and with less cerebrovascular and major adverse cardiovascular events than PCI among insulin-treated type 2 diabetes mellitus patients [19] . As opposed to myocardial infarction, fibrinolysis was more frequently performed overtime during admission for an ischemic stroke, with predominance in people without diabetes. We had previously reported a higher mortality rate in T2DM people admitted for ischemic stroke undergoing systemic fibrinolysis [6] , which might be due to a higher risk of bleeding in T2DM patients after systemic fibrinolytic therapy [20] . We do not know whether the perception of this risk could be influencing the decision to withhold fibrinolysis in the T2DM population; alternatively, particular characteristics of ischemic stroke in people with diabetes might make physicians less prone to indicate this treatment.
Major lower limb amputations declined overtime, with a more widespread use of lower limb angioplasty. A combined approach of improving regional blood flow plus conservative minor amputations is probably driving the declining rate of major amputations, as pointed out too by previous research [21] . This is relevant because lowerextremity amputations and the history of peripheral revascularization have been associated with increased risk of all-cause mortality and major macrovascular events [22] .
LHS was lower in people without diabetes overall, but it declined in both populations overtime. For myocardial infarction our result agree with Loudon et al., who described for acute coronary syndromes a mean LHS of 7.8 days for T2DM patients compared with 7 days for the entire cohort (Adjusted OR 1.003; 95% CI 1.001-1.004) [23] .
IHM declined overtime, though this trend was not significant for people without diabetes in the last 2 years analyzed. Other authors had described progressively lower mortality rates for cardiovascular mortality in Europe during the last three decades [24] , yet with some heterogeneity within its borders [25, 26] . Patients' awareness of classical cardiovascular risk factors, global preventive measures, free access to all levels of health care and prompt invasive management of acute conditions have probably acted synergistically to improved outcomes of cardiovascular disease [27] .
In the multivariate analyses, T2DM patients had a significantly 15% higher mortality rate during admission for myocardial infarction, a 6% higher mortality for stroke and a 6% higher mortality for "all cardiovascular events combined", than non-diabetic matched controls. Myocardial infarction has long been associated with a higher short and long-term mortality in people with T2DM [28] [29] [30] [31] . Lettino et al. using 10 contemporary registries in Europe compared outcomes for acute coronary syndromes (ACS) between patients with and without diabetes mellitus. Their results showed a 1.66 (95% CI 1.42-1.94) higher risk of in-hospital all-cause death among diabetic patients [30] . Using the National Inpatient Sample, Ahmed et al., obtained an adjusted OR of 1.069, (95% CI 1.051-1.087) for DM on in-hospital mortality in patients with an acute myocardial infarction [31] . It is reassuring that in previous research from our group, without proceeding with case-control matching and evaluating a different period of time (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , the IHM that we reported was 14% higher in people with T2DM compared with no-diabetes in people admitted for a myocardial infarction [5] , which is very similar to current data. Also, we had formerly reported a 7% significantly higher mortality for women with T2DM admitted for ischemic stroke versus non-diabetic women, yet no statistical differences for men [6] , or for any gender when comparing T2DM and non-diabetic patients admitted for hemorrhagic stroke [32] . The differences in survival after a stroke between people with and without T2DM seem to persist in the long-term: Eriksson et al. showed that during a follow-up time after a stroke of 86,086 patientyears, 75.7% of the diabetic patients and 58.5% of the non-diabetic patients had died (p < 0.001), with median survivals of 60 months (95% CI 57-64) for the former and 117 months (95% CI 113-120) for the latter [33] .
The prevention of cardiovascular events is of great importance for long-term survival of T2DM patients. Necessary strategies include intensive glycemic and risk factors control, an appropriate selection of glucose-lowering medications and screening strategies for the early detection of cardiovascular complications [34] [35] [36] [37] . The benefit of aggressive coronary screening must be considered [37] .
The robustness of our findings is supported by the large sample size, the 12-year follow-up period virtually covering all the Spanish population and the standardized methodology, which has been previously used for research in diabetes and its complications [38] . We were able to select matched controls for the T2DM cases to lower the possibility of confounding due to different baseline characteristics between the two subpopulations. Nevertheless, our work has some limitations: Our data source was the CMBD, an administrative database that contains discharge data for hospitalizations in Spain and depends on the quality of the information that physicians report.
The prevalence of obesity, hypertension and smoking (including prior smoking) found in our investigation are lower than those reported in other studies conducted among people with diabetes in Spain [39] [40] [41] .
The under-coding of obesity is relevant since, previous investigations have suggested that among diabetic patients obesity may have a protective effect on cardiac and all-cause mortality after adjusting for confounding factors [42] .
Previous studies have found that under reporting of risk factors including obesity is common among discharge diagnoses [43, 44] .
The main reason for this is that according to the SNHDD methodology the primary/main diagnosis is defined as the condition which, after proper investigation, is considered the reason why the patient was admitted to the hospital [9] . The secondary diagnosis includes those diseases or risk factors that coexists with the primary diagnosis at the time of admission or were detected during the hospitalization and that, in the opinion of the treating physician, may have affected the patient's progress or treatment plan. Other possible reasons include that people who codify may not record risk factors owing to time constraints when performing data abstraction or that when time for coding is limited, coders tend to include severe conditions but not risk factors [43, 44] .
Another limitation is that coding of diagnoses and guidelines of reporting may have substantially changed over the study period. However, in Spain the SNHDD has maintained the same methodology over the last years and the codes for the cardiovascular conditions studied and diabetes have not been modified overtime. In any case these changes in coding would not affect the main results of our investigation because we compare always T2DM patients with matched non diabetic patients who were hospitalized the same year, so it is expected that the changes in reporting would affect equally cases and controls. However, these changes in diagnostic criteria, coding practices and reporting could affect time trend analysis. Beside these limitations studies conducted in other countries have assessed the time trends in hospitalizations for cardiovascular diseases using hospital discharge data [45, 46] .
Unfortunately in Spain a validation study to assess the rate of unreported diagnosis of diabetes in administrative databases has not yet been conducted, to our knowledge. However, Leong et al. reported that a commonly-used administrative database definition for diabetes had a sensitivity of 82.3% (95% CI 75.8, 87.4) and a specificity of 97.9% (95% CI 96.5, 98.8%) [47] . While this definition misses about one-fifth of cases of diabetes and wrongly classifies 2.1% of non-cases in the population as diabetes cases, it is likely sensitive enough for analyzing trends in the general population, if its accuracy remains reasonably stable overtime.
We used four prespecified years (2002, 2006, 2010, 2014) as representative of the time trends in number of cases and outcomes of the admissions for cardiovascular events in our population, thus lacking continuous information for the whole 12-year period. Our database is also limited by its anonymity (no identifying items, such as clinical history number), what precludes the extraction of some specific pieces of information (i.e., people who moved from one hospital to another would appear twice). We had no access to additional variables, such as duration of diabetes or drugs exposure.
Finally, a possible methodological limitation is that we did not match for the comorbidities included in the CCI. According to several authors matching for too many variables may lead to overmatching that would not only decrease the number of case-control pairs but also probably increase the number of concordant (uninformative) pairs [48] [49] [50] . In fact, in our study matching for the CCI would reduce the number of matched pair to under 40% of diabetic patients.
Szklo concludes that over-adjustment occurs when adjustment (or matching) is carried out for a variable so closely related to the variable of interest that no variability in the latter is allowed. For example in case-control study, making the case and control groups very similar o identical regarding the confounder results in their also very similar or identical regarding the exposure, thereby resulting in apparent null association. In general it must be kept in mind that when adjustment is carried out for a given confounding variable, it is also carried out for variables related to it [48] .
So, to avoid losing sample size and overmatching we considered a better option to match for only three variables, age, sex and province of residence including comorbidity using the CCI as a covariable within the multivariable model, since it allowed us to explore its role over the outcomes, avoiding the risk of overmatching and maximizing the number of informative pairs.
Conclusions
In Spain, the number of hospital admissions for stroke, aortic aneurysm and dissection and acute lower limb ischemia increased overtime (2002-2012), but remained stable for myocardial infarction. LHS and IHM declined overtime, though IHM only did it significantly in all years analyzed in people with T2DM. T2DM patients had a significantly 15% higher mortality rate during admission for myocardial infarction, a 6% higher mortality for stroke, and a 6% higher mortality rate for "all cardiovascular events combined", than non-diabetic matched controls. Further research is needed to confirm these findings in countries similar to ours, and to help us understand the reasons for an apparently increased mortality in T2DM patients when admitted to hospital for some major cardiovascular events. 
